We apply the formalism of Steepest Entropy Ascent (SEA) ansatz on the robust model of Quantum Random Walk (QRW). By doing so, we arrive at the resolution of the origin of typicality (or Eigenstate Thermalization Hypothesis (ETH)) and Many Body Localization (MBL) dichotomy, a clear understanding of which still hides in ambiguity. We shed some light on this through our novel approach using detailed analytical and numerical calculations. The results are indicative of bridging the lacuna between the two contesting philosophies of SEA and ETH/MBL.
I. INTRODUCTION
Physicists have been taking multiple attempts towards understanding open quantum systems [1] . Of the major pathways, eigenstate thermalization hypothesis (ETH) and subsequently typicality has gained significant attention [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . The emergence of typicality in a quantum system has been discussed in a recent review by Abanin and Papi [11] , from which we will be drawing heavily for presenting our theoretical results. As discussed in the work of Goldstein et al. [4] , the statement of typicality can be understood as follows: in the thermodynamic limit, the reduced density matrices of the overwhelming majority of the wavefunctions of a micro-canonical ensemble are canonical. A kinematic study of the same is provided in the works of Popescu et al. [3] . For the many body cases, weak and strong typicality have been shown by Santos et al. [6] . The presence of typicality in Random Matrix Product states has been shown by Garnerone et al. [5] . We see that the theoretical formalism falls short in explaining the concept of eigenstate thermalization and many-body localization under the same structure [11] . Although there has been a considerable amount of work done in developing a coherent quantum theory (for some examples see Vosk et al. [16] , Potter et al. [17] , and Luitz et al. [18] ), the problem remains open. In their recent work, Gring et al. [7] raise the concern over the time-scale on which pre-thermalization occurs, which is a behaviour similar to achieving a quasiequilibrium state before thermalization happens. The problem of time scales and conditions of equilibrium in this context is also raised in the work by Eisert et al. [8] as well.
Getting back to the case of open quantum systems, we find another pathway leading towards a bold and different idea. What if the system in discussion is moving spontaneously towards a stable orbit, by invoking the second law of thermodynamics as a fourth postulate of quantum mechanics [19] [20] [21] [22] [23] [24] ? This idea has led us to the steepest entropy ascent (SEA) ansatz. In the language * rohitkray@iitkgp.ac.in of Beretta [25] , it can be stated as, to solve the variational problem by finding the instantaneous "direction" of rate of change of state function by maximizing entropy production rate subject to certain constraints. After remaining dormant for a couple of decades, this theory was independently brought to surface by GheorghiuSvirschevski [26] and since then it has gained appreciable support. SEA has shown promise in explaining the origin of non-linearity in quantum mechanics [27, 28] , provided a geometric framework for understanding the principle of maximum entropy generation [25] and has been exploited in-order to understand electron and phonon transport [29, 30] . Besides, it has been compared to general equation for the nonequilibrium reversible-irreversible coupling (GENERIC) theory, and has been found to be on par with it [31] .
The difference between the two of the above mentioned schools of thought is, ETH and the theories it concurs with invoke thermalization as an external process involving interaction with a heat bath. When looked through this perspective, the bath becomes an external driver moving the system away from pure unitary dynamics towards either a thermally stable state (typicality), or selected pockets of locally unitary states (many body localization) through pre-thermalization. Yet the reasons for such transitions remain unclear. Whereas in SEA, the introduction of the second law of thermodynamics as the fourth postulate (more on this later in the section Theory) does away with the need of invoking any externalities, and the system spontaneously evolves towards the stable state (in Lyapunov sense [32] ) which can be either a thermal state or a unitary one. Thus, SEA has been talking about a coherent pathway towards the problem raised by Abanin and Papi [11] . Although typicality finds a small mention in the work of Kim and von Spakovsky [33] , to the best of our knowledge, there hardly has been any attempt in taking this route towards resolving ETH and MBL dichotomy. We show when taken the dynamical solution presented to us by SEA under proper limits, we get both hints of ETH and MBL. We show this by analytically solving a quantum random walker (QRW) on a ring using SEA. We have also shown the graphical results of the same analytical solutions to display the connection. This paper aims to bridge the contesting realms of discussion regarding open quantum systems by showing that both ETH/MBL and SEA theory describe the two sides of the same coin. And together they may be used to completely describe open quantum systems.
Before we move on with our discussion, we feel the need to justify the choice of QRW as our model. QRW has played a pivotal role in searching algorithms [34, 35] , in quantum computation [36] , mainly because of its unique ballistic nature and speed [37] when compared with classical random walk. Moreover, many body random walks have been used to understand the nature of entanglement in multipartite systems [38] [39] [40] [41] [42] . There has also been a substantial amount of work in understanding dissipative quantum random walks [43] [44] [45] [46] . So we stand a clear ground on the applicability of QRW as a test model for SEA formalism. Moreover, experiments have been performed involving QRW [47] [48] [49] [50] , and the theoretical results stand on firm grounds (for a detailed review on QRW, see [51] and references therein). In literature, there are mainly two types of QRW, continuous time and discrete time, also known as CTQRW and DTQRW respectively. We have chosen CTQRW for our modelling as it does not require a coin operator [52] . So we can incorporate the transition matrix between modes as a Hamiltonian governing the system [52] . Another reason for removing coin operator from our study was also to exclude multiple coins and interactions due to it [44, 53] .
This paper aims to study the intricate interplay of irreversible dynamics and unitary evolution. QRW is unitary by nature, hence reversible; SEA formalism has been used to comprehend properties of the system under consideration by studying unitary evolution [54] . Inspired by this approach, we have studied a slightly perturbed walker state evolve under SEA considerations and reach the approximate unitary nature. In doing so, we have identified certain components that may help us in exploring different regimes in QRW. We have witnessed the emergence of typicality like behaviour in single particle state, have identified possibilities of high negative entropic states closer to the thermodynamic equilibrium state, and also identified a relative time scale in which this observation can be made. In our search for signs of typicality, we have also ended up showing that SEA framework is suitable for studying the emergence of typicality in quantum systems, and has a much greater range of applications left for exploration. To the best of our knowledge, this paper addresses a novel link bridging the framework of SEA and that of ETH/MBL, that is, quantum random walk.
We present this paper in the following order: in section II, we will provide a short overview of the theory available in the literature regarding SEA and QRW. In the latter part of this section, we have taken the specific case of single walker walking on a ring of N nodes. We have provided the solution to the dynamical equation of motion in the section titled Results III. A detailed discussion on the solution is provided in appendices cited herein. In the latter part of this section, we have presented the numerically plotted results followed by a discussion on them. We also have attempted to provide physical reasoning for the results that we have obtained. We present our conclusion the section IV with a summary of the work presented in this study with questions, possible answers and more probable questions. Finally, we conclude by acknowledging valuable contributions towards our work in the section V.
II. THEORETICAL BACKGROUND
Ever since Hatsopoulos and Gyftopoulos came up with their seminal paper [19] , the formalism of SEA has undergone many changes. Their main contribution to the literature of SEA was the marriage of the second law of thermodynamics and quantum mechanics through a new postulate stated verbatim herein [19] , Any independent separable system subject to fixed parameters has for each set of (expectation) values of energy and numbers of particles of constituent species a unique stable equilibrium state.
This postulate opens up the path to set up stability in quantum mechanics and also leads to the idea that unitary dynamics can also constitute as a stable orbit (in the Lyapunov sense, for more details see [28] ). SEA remains to be applied in understanding a plenty of domains, many of which open up with quantum random walk, and explore the possible outcomes. We would like to present the theory following the notation and terminology of Beretta [25] including some of the equations that we consider as our starting point. Below, we revisit those equations for the ease of the reader and the coherence of this paper.
We consider a state space (L ), a manifold in a Hilbert space equipped with an inner product (· | ·). We denote its elements (the states) by γ or alternatively |γ). For SEA, the inner product is defined as:
Real functionalsÃ(γ),B(γ), · · · of γ represent system properties, i.e., energy, entropy, mass, momentum, etc.; such that their functional derivatives with respect to γ are also elements of L ; we denote them by δÃ(γ)/δγ or, alternatively, by δÃ(γ)/δγ . In a quantum mechanical system the density operator, ρ, is used to represent states. Whereas in the SEA formalism, in order to maintain the preservation of non-negativity and the self-adjointness of ρ during its evolution through time [25] the positive square-root of ρ is used to represent the state. We denote it by γ, and use spectral theorem to compute them [27] . We can reconstruct ρ using the following equation:
If the states are functions of time (t) only, γ = γ(t), their time evolution obeys the equation of motion,
where |Π γ ) is also an element of L such that the rates of change of the entropyS(γ) and of any other conserved propertyC i (γ), with i labelling a list of conserved properties, are
where Π S and Π Ci are the respective production rates and |Φ) = δS(γ)/δγ . |Ψ i ) = δC i (γ)/δγ are shorthand notations for denoting the variational derivatives with respect to γ of the entropy functionalS(γ) and the conserved functionalsC i (γ), respectively. The set of operators which correspond to the conserved quantities can be written as follows:
It is assumed that these are self-adjoint operators in L , and each of M i , N j commutes with H. The equations for Π Ci turn out to be of the following form:
The entropy functional turns out to be,
In absence of any driving agents, Π γ is tangent to the path γ(t), letting us to consider a suitable metricĜ(γ) associated with L so that we can measure the length element in the state space. The metric is a real, symmetric and positive semi-definite operator on the state space, and is used as follows [see [25, 55] 
Using variational approach, one can find the Lagrangian associated with SEA principle as follows [25] ,
β i and τ /2 are Lagrange multipliers independent of Π γ . The above equation can be reshaped using equations (4) and (5) and then on taking the functional derivative of Υ with respect to |Π γ ) we get,
And the equation of motion is found setting
From equation (2) we can write,
For single walker, we are interested in the conserved quantities H and I. hence, using equation (12), we get,
(15) One of the efficient ways to compute quantum random walk is to consider the graph theoretical approach as followed by most physicists in literature [51] . We consider a graph G of a ring with N number of nodes, where N th node is connected to 1 st node via an edge. The Laplacian [34, 56] can be written as follows:
where A and D (adjacency and degree matrix respectively), are associated with the graph G . In the standard basis, we can represent the Laplacian for G as,
The Hamiltonian of the continuous time random walk can be written as [52] ,
where, µ is the transition rate from one mode to another, here considered to be uniform for all possible transitions. Using this Hamiltonian, the unitary evolution of the walker can be written in the form ( = 1),
Clearly, the probability of detecting the walker at position i after n steps is given by,
where |ψ 0 is the initial wave-function.
III. RESULTS
While combining SEA with QRW formalism, we must keep in mind that, (i) the evolution of ρ under SEA is followed by the evolution under QRW [57] . (ii) Since pure state will result in only unitary evolution, we need to perturb the initial pure state to observe the SEA behaviour (experimentally this can be done by quenches, see Alba and Calabrese [12] ) [29] . We have,
Where, ǫ is a perturbation parameter (ǫ ∈ [0, 1]). For our numerical computation ǫ has range (0, 1] (see reason (ii) above). Here, ρ therm is the thermodynamic equilibrium state, and ρ SEA,0 is the initial state for SEA evolution.
For the single walker, we have considered the following two cases:
1. Micro canonical : In this case, we have considered the walker and the graph to be isolated from all other interactions. Under this criteria, equation (21) becomes:
where I N is the identity matrix of order N .
2. Canonical : Here, the canonical probability distribution is given as [11, 54] 
Tr{exp(−βH)} , and thus, equation (21) becomes,
Following the SEA formalism as described above and utilizing equations (2-8,12) we get,
There being only one particle, the number operator plays no role here. The quantities β i for single particle as given in equation (12) can be solved using the identities of equation (4-5) (see Appendix A) and thus we get the equation of motion in terms of γ as:
The solution to the above equation in terms of ρ SEA is given as (see Appendix B for detailed solution):
where,
and, A 0 is given by
One look at equation (26), and we see the enveloping nature of the unitary dynamics reshaping and driving the system towards one of the stable points, i.e., unitary state. The competition between unitary state and thermal state can be well understood by the parameters ǫ and τ . As mentioned earlier, ǫ plays the role of a distance parameter. Depending on the quenched amount, we can modify the drive towards thermal or unitary state. The other parameter, τ has more ambiguous properties. First of all, it is difficult to impose a lower bound on it, all that is known is that it is a positive quantity [26, 28] . It has been given many names, but relaxation time seems more apt to us, given its status in equation (B5). Evidently, this nomenclature allows us to consider systems with varied range of relaxation times. The lower the value, the faster the system responds to change, thus approaches disorder faster. This can be tested through both the following analytical and numerical analysis. Varying τ and ǫ thus provide us a unique opportunity to predict the conditions for unitary behaviour of the system under consideration.
We have simulated the walk on the basis of some assumptions, (i) the value of µ is taken to be one [51] . (ii) The metricĜ has been considered to be of Euclidean type [33] , that is identity matrix. We have considered a ring of 100 nodes as explained above. The walker distribution is generated over 10 steps to give an idea of the unitary evolution as shown in Fig. 1 below. Next, we will show the simulation resulted from using the solution as found in equation (26) in the two different regimes as discussed above. Before proceeding further, we would also like to present our analysis of the entropy functional (S) and the rate of change of entropy functional (Π S ) in various limits of τ . The reason for such a step is implied in our set up. We refer to equation (22) to serve the purpose of initiating the walker in a slightly perturbed pure state. The value of the parameter ǫ in equation (22) is varied within the range (0, 1] so to check how far from the thermodynamic equilibrium are we perturbing the initial state ( figure (2) ). Recapitulating our previous interpretation, τ will act as relaxation time, concurring with its interpretation in the literature [32, 33] . In doing so, we have computed probability and other parameters against exponents in t, unlike it is done in [30, 54, 58] . The reason for doing so is to have a comprehensive comparison in the dynamics between the unitary random walker and the SEA random walker (in both cases having = 1 and k B = 1 and serves the purpose of dealing on the same time scale). Having τ as another modifiable parameter also gives us the freedom to scope it beyond just a preassigned system property. Which in turn, allows us to get an estimate of the dependency of various parameters (say, entropy) on τ as well.
Using equation (8), we can write the rate of change of entropy functional (Π S ) using ρ from above (equation (26)) as follows (see, Appendix C, equation (C3)).
As the above equation becomes too complex to treat analytically, we can still seek out the limits of τ → 0
and some large limit τ → ∞. We have distributed the limit over the products as the individual limits exist (see derivation in equation (C8)).
In the right hand side of the equation (30), we see the presence of initial state (ρ SEA,0 ) in the limiting form, which may allow us in the future to go to the two extremes of ǫ limit and study the possible bifurcations present in this context. Similarly, taking the large limit of τ , we arrive at the following set of equations, i.e., equations (31) . Looking at equation ( 
A similar type of analysis, when performed onS, borrowing from equations (C5) and (C7), usingS = −k Tr γ ln γγ † γ † results as follows:
And:
As we can see, the entropy functional reaches the quantum mechanical form as τ becomes large. We are now able to put in the conditions for micro-canonical or canonical ρ SEA,0 as given in equations (22) , and (23) in the limiting forms.
A. Micro-canonical
In this case, the initial density matrix for SEA formalism is given by equation (22) . Allowing ǫ to take the limits in the theoretical interval [0, 1], we find the limiting forms of the functionals. The only terms in equations (30, 31) that are dependent on ǫ are the terms involving ρ SEA,0 . Denoting lim ǫ→0 Π S | τ →0 as Π S,00 and lim
as Π S,01 and using the similar format we find:
And, the lim ǫ→0 Π S | τ →∞ term, or Π S,∞0 is found to be:
Evidently, for low values of τ , we can safely say that the limits tend to blow up because of the involvement of lim τ →0
(L). Which is not surprising, and thus a lower estimate on τ still remains a mystery to us. On the other hand, if we look at the equation (35), we see that despite the entropy production rate being positive, it reaches a zero value. What we can see from our numerical plots in figure 2 , that a decent high value of τ can ensure a unitary evolution. On the other hand, when we choose the limit of ǫ → 1, we end up in the limiting case of pure state evolution, in which det(∆) (see, equation (A2)) becomes zero and the operator D (see equation (27) ) plays no role, and we have unitary evolution.
On comparing figures (1) and (2(a)), we can see that the probability values follow the same pattern for comparatively higher values of τ as value of ǫ reaches one. Not only that, as the value of ǫ increases, the values also come closer to each other. We can also see that, because of higher τ value, the system shows lesser spread in between walks (compare figures (2(a)) and (2(b)). Also, the figure (2(b) ) is basically denoting the fluctuations in the probability values against an average value of 1/10, and is quite small when compared to that of the figure  (2(a) ). The role of ǫ is well explained in the analysis done by Beretta [25] , but somehow the role of τ in understanding the transition between the regimes of dynamics have escaped either discourse, or our attention. This propels us to seek to understand how each parameter τ and ǫ, especially τ affect the overall dynamics. Clearly, Π S,00 > Π S,∞0 , hence confirming the dependence of rate of entropy production on the relaxation time of the system. Lower relaxation times result in higher values of Π S . On the other hand, when we look at the entropy functional itself, we see the following expressions surface:
And also,S
So, the system starts from a negative entropic state and evolves towards the maximum entropic state following SEA formalism and agreeing with quantum mechanical results under the appropriate limit. But what does this has to do anything with ETH/MBL? This transition between these two regimes, as shown in figures (2(a)) and (2(b)), is dependent on the initial conditions (ǫ) and system property (τ ), governed by one dynamics. Roughly, it does seem like lower relaxation time relates to adiabatic type of behaviour, whereas, higher τ seems to follow isothermal pattern. We need further investigation to validate this claim, which may be one of our future endeavours. For the time being, we are interested in observing the dynamical changes in the above computed limits. As it is evident from our calculations, we have considered only single time step so far. Observing the walker for multiple time steps may give us a hint of the trend of dynamical behaviour of the limits. We have considered only initial four steps of the evolution and have plotted a contour diagram for each time step and tried to see the change in the values of entropy functional in figure (3). As we can see, for low values of τ and ǫ, the value of the entropy functionalS(γ) is high at the beginning ( figure (3(a) )), but after four steps, the same high valued zones are confined within low τ values, telling us that for these τ we see peaks in entropy value (blue region in figure (3(d) )), suggesting thermal behaviour. Whereas, in the rest of the domain available to us, the red zone in figure (3(d) ) denotes zero-entropic landscape. We can see that the trend towards unitary behaviour starts getting precedence over thermal behaviour as time goes by. In the above panels, in only three time steps the entropy functional has taken zero value. We can observe an increase in the spread of the zero entropy region as time is increased, except for extreme low τ values, across the panels. For micro-canonical structure, the walker itself is being considered here as the system. And the walker seems to thermalize for low values of τ as time goes by, that is, if it is very close to the thermal equilibrium state. Which makes sense when we consider the true meaning of an isolated system into account. In these panels, a rapid and sharp decrease in the rate of change of entropy functional can be observed across the panel. Also, the high valued zones are concentrated around certain set of (ǫ, τ ) values.
If the state is initiated near the thermal equilibrium, it is bound to get dragged into that equilibrium for no energy exchange is taking place, the low values of τ denote that the system has lesser time to relax, thus is being driven into the thermal equilibrium, and the same way we can argue about the unitary nature. The availability of majority of the region in the panels under consideration for unitary evolution also appreciates the fact that unitary evolution is reversible in nature and evolves under closed quantum system considerations, that is, mimics the micro-canonical behaviour.
When looked across the panels in figure (4) , we see that the contours denoting the peaks of high rate of change of entropy, Π S (shaded in black) are largely confined to the low τ values only. It is also to be noted that there is a sharp rise in values near τ = 1, rest of the portions (τ > 1) in all the panels have a zero valued flatland, owing to constant entropy (i.e., unitary evolution) region. This has two implications, firstly as thermal states are indistinguishable from the background, low τ states become obsolete from experimentation point of view. The region of thermalization also being spread over the entirety of range available to τ , we find it difficult to identify any specific trait of evolution to estimate the value of τ for the given system as discussed by Beretta [25] . Secondly, as predicted in SEA formalism, a quantum state evolving under unitary interaction remains in that state despite being perturbed (over time, the rest of the portions of each panel will turn into flatlands of zero entropy and zero rate of change of the same) as it can be also considered a global equilibrium state in the Lyapunov sense (for a detailed discussions on this, see [21, 32] ). This is not something that is violated in the eyes of typicality argument either. A large section of each panel is displaying avoidance of thermalization character found in many body localization theory [11] . We have performed similar analysis by varying the number of nodes on the ring, and we find negligible variance in the patterns appearing in panels of the figures (3) and (4). We have also changed the graph in question from ring to hypercube, and have seen similar trends appearing. Due to lack of scope, and similarity in nature, we abstain from showing those results here. At least in the domain of micro-canonical quantum thermodynamics, SEA and ETH/MBL agree on QRW results.
B. Canonical
We are considering the walker to be in contact with a thermal bath, and the walker and the bath compose an isolated system. We have also considered the eigenstates of the bath to be the eigenstates of the Hamiltonian associated with the graph G as considered in section (II). β represents the inverse temperature associated with the bath. We have considered two ranges of β, one of the order of 10 −1 , and another of the order of 10 16 in natural units as discussed above to plot the probability distribution. Describing the temperature of a single walker is not something that is well understood in the literature. So, we have tried to stay away from defining it at this point. It would be much safer to say β is a parameter with temperature 'like' properties. The walker was initiated at node 50, and it is taken after 10 steps. The relaxation time τ is taken to be (a) 90.02 and (b) 0.02 respectively, whereas, ǫ is the dimensionless parameter denoting the perturbation of the initial state. The β of the heat-bath is considered to be 0.022 nats.
Besides, finite level systems on solving for partition function at a finite energy, result in negative temperature solutions. Yet, to have some context, we will be considering temperature in the information theoretic sense, and consider natural units for expressing the same. Here, we take β as calculated in the eigenspace of Hamiltonian as follows (ln(2)/β is the amount of energy required to erase one qubit of information in k B = 1 units ( see Yan et al. [59] for experiments on this), here we have considered average temperature available to each eigenvalue),
where, E is the diagonalized form of H and k B = 1. For our particular example, β = 0.022 and 0.022 × 10 18 in natural units. Firstly, we plot the thermal evolution plots similar to the figure (2(a) ). In the first panel of the figure (5), we see a behaviour almost similar to that of the figure (2(a) ). The second panel of the figure (5) deviates from that of the figure (2(b) ) in the sense that despite low values of τ preserving thermal behaviour, in case of low β, the ballistic nature of the walk is retained over the spectrum of ǫ values ( figure (5(b)) ).
Even from a mathematical point, low β will induce micro-canonical type behaviour (see the discussion preceding equation (23)). Whereas, in the high β domain, we see two distinct features appearing at high τ in figure (6) . We see that, as ǫ increases, the walk is more and more sharp and confined ( Fig. 6(a) ). For ǫ < 0.5, we see a greater tendency of thermal like behaviour than for ǫ ≥ 0.5. Moreover, at high values of β, low value of τ generates utter noise, and the quantum nature of the walker is washed off. Clearly, introduction of a heat bath has effected the dynamics of the system. We start by revisiting the limiting expressions, equations (30, 31, 33, and 32) . Equation (30) 
As we can easily see, at low β, we get back equation (34) , and at high β, the limits can be numerically evaluated, but mostly they will just be large numbers. On the other hand of the spectrum, we have results of (40), on which the above mentioned analysis holds true. In case of high τ as well as high β, we can expect to see heavy dependence on ǫ as seen in figure (6(a) ). The walker was initiated at node 50, and it is taken after 10 steps. The relaxation time τ is taken to be (a) 90.02 and (b) 0.02 respectively, whereas, ǫ is the dimensionless parameter denoting the perturbation of the initial state. The β of the heat-bath is considered to be 0.022 × 10 18 nats.
We also would like to jot down the other limits
The above mentioned equations show for β → 0,S ∞0 tends towards zero, which is again the highest possible entropic state. One can always plot the limits as we did in the micro-canonical case (see, figures (3), and (4)), with β as an extra dimension. Our numerical computations and graphical representations provided us a direct link between the antithermalization behaviour of a microstate and the SEA evolution of the same. We have shown that for higher β thermalization effect dominates over low τ . We have also seen that atypical behaviour of unitary dynamics can be explained via irreversible dynamics introduced via SEA formalism, and is in agreement with our observations in reality. We have considered the short time behaviour in favour of long time behaviour observed in recurrence [13] studies for finding out the transition towards the global minima in the Lyapunov sense. And in doing that, we have established a bridge in the form of QRW, where the single particle evolution has provided us with more insight towards understanding the origin of many body localization as the trends tend to mimic each other [9, 12] .
IV. CONCLUSION
In this paper we have attempted to serve two purposes: (i) whether SEA formalism and ETH/MBL differ with each other in the course of evolution of a single quantum random walker as an one dimensional model.
(ii) If so happens, what can we say about the nature of the said agreement. We have found an analytical solution, which despite being solved for QRW, can be used to solve other one dimensional cases. As mentioned earlier, we have used equation (26) to find the probability distributions of a random walker on a hypercube only to find the transitions are manifested in the same way. We have considered two cases, viz., micro-canonical and canonical. In the micro-canonical regime, we have found that lower relaxation time values (τ ) have resulted in higher entropy functional value and higher rate of change of entropy functional (Π S , see figures 3, 4). We have also identified low ǫ values as good candidates for finding nonunitary behaviour. In the second case, we have revisited the same problem but considering the walker to be in contact with a heat-bath with inverse temperature value β computed in natural units (nat). In the low β regime, we have found micro-canonical and canonical properties to be almost identical. We have also demonstrated, as β increases, the exotic properties start disappearing and we end up with almost unitary behaviour. Moreover, there is a drastic difference in values ofS(γ) in the two β regions considered herewith. In short, we may have found another avenue for exploring the transition between unitary and non-unitary quantum behaviour, one that can be utilized in understanding the dynamics of irreversibility in quantum systems. We are prone to check the validity of SEA in many-body systems and how is it able to explain thermalization as seen in literature or many body localization. The one-dimensional model used here also leads us to ask the same set of questions for systems with a higher number of particles, and how their interaction varies. We intend to follow this work up using the formalism as presented in this paper.
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For the purpose of computation, we calculate lim (L) .
(C8)
And the other limit can be similarly calculated as follows: 
